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Abstract 

Within the framework of the relativistic distorted wave impulse approximation (DWIA) , we in- 
vestigate the sensitivity of the analyzing power - for exclusive proton knockout from the 3si/ 2 , 2d 3 / 2 
and 2d§/2 states in 208 Pb, at an incident laboratory kinetic energy of 202 MeV, and for coincident 
coplanar scattering angles (28.0°, —54.6°) - to different distorting optical potentials, finite-range 
(FR) versus zero-range (ZR) approximations to the DWIA, as well as medium-modified coupling 
constants and meson masses. Results are also compared to the nonrelativistic DWIA predictions 
based on the Schrodinger equation. Whereas the nonrelativistic model fails severely, both ZR and 
FR relativistic DWIA models provide an excellent description of the data. For the FR predictions, 
it is necessary to invoke a 20% reduction of sigma-nucleon and omega-nucleon coupling constants 
as well as for a-, p- and w-meson masses, by the nuclear medium. On the other hand, the ZR pre- 
dictions suggest that the strong interaction in the nuclear medium is adequately represented by the 
free nucleon-nucleon interaction associated with the impulse approximation. We also demonstrate 
that, although the analyzing power is relatively insensitive to the use different relativistic global 
optical potential parameter sets, the prominent oscillatory behavior of this observable is largely 
attributed to distortion of the scattering wave functions relative to their plane wave values. 

PACS numbers: PACS number(s): 24.10.Jv, 24.70. +s, 25.40.-h 
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I. INTRODUCTION 

Recently, Neveling et al. reported that both relativistic (Dirac equation) and nonrela- 
tivistic (Schrodinger equation) models, based on the distorted wave impulse approximation 
(DWIA), severely fail to reproduce exclusive (p, 2p) analyzing power data for proton knock- 
out from the 3si/2 and 26.3/2 states in 208 Pb, at an incident laboratory kinetic energy of 202 
MeV, and for coincident coplanar scattering angles (28.0°, —54.6°). For the prediction of 
energy-sharing cross sections, on the other hand, both dynamical models yield spectroscopic 
factors which are in good agreement with those extracted from (e, e'p) studies. 

Systematic corrections to the nonrelativistic model - such as different kinematic prescrip- 
tions for the nucleon-nucleon (NN) amplitudes, non-local corrections to the scattering wave 
functions, density-dependent modifications to the free NN scattering amplitudes, as well as 
the influence of different scattering and boundstate potentials - fail to remedy the analyzing 
power dilemma, and hence, it is not clear how to improve existing Schrodinger-based analy- 
ses. However, such an exhaustive analysis has not yet been performed within the context of 
the relativistic DWIA and, hence, improvements to relativistic models could still prove to 
be important in resolving the problem. Capitalizing on the fact that spin is an intrinsically 
relativistic phenomenon, as well as the success of Dirac phenomenology in describing the 
properties of nuclear matter, nuclear structure as well as proton-induced spin observables 

n n 

for elastic- [3J and inelastic |4j scattering, we focus in this paper, on systematic corrections 
to the DWIA based on the Dirac equation as the underlying dynamical equation of motion. 
Another advantage of considering a relativistic approach is that both real and imaginary 
components of the spin-orbit potential, which are crucial for describing analyzing powers for 
s-state knockout in (p, 2p) reactions, are directly related to the Lorentz properties of mesons 
propagating the strong interaction. This microscopic connection does not exist within the 
framework of the nonrelativistic Schrodinger equation, where the spin-orbit interaction is 
usually introduced and adjusted merely to provide a good phenomenological description of 
elastic scattering data. 

Motivated by the above considerations, we adopt a relativistic framework and study the 
sensitivity of exclusive analyzing powers to distorting optical potentials, finite-range (FR) 
versus zero-range (ZR) approximations to the DWIA, as well as nuclear medium modifica- 
tions to the NN interaction. As already mentioned, we focus specifically on proton knockout 
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from the 3si/2, 20I3/2 and 2ds/2 states in 208 Pb at an incident laboratory kinetic energy of 
202 MeV, and for coincident coplanar scattering angles (28.0°, —54.6°). Predictions are 
naturally compared to the corresponding nonrelativistic results. 

One of the most challenging problems in nuclear physics is to understand how the proper- 
ties of the strong interaction are modified inside nuclear matter. Various theoretical models 
ODD predict the modification of coupling constants as well as nucleon and meson masses 
in normal nuclear matter. To date there is no direct experimental evidence supporting these 
predictions. However, the exclusive nature of (p, 2p) reactions can be exploited to knockout 
protons from deep- to low-lying single particle states in nuclei, thus yielding information 
on the density dependence of the NN interaction jjj, and hence providing a stringent test- 
ing ground for theoretical models. In order to extract reliable information on NN medium 
modifications, it is important to understand the role of various approximations and model 
ingredients of the DWIA. In particular, an explanation for the failure of the relativistic pre- 
dictions reported in Ref. could possibly be attributed to the use of unreliable relativistic 
microscopic optical potentials for generating the scattering wave functions of the Dirac equa- 
tion (see Sec. |TTJ). To assess the validity of this conjecture, we study the sensitivity of the 
analyzing power to different relativistic distorting potentials. Furthermore, current qualita- 
tive arguments suggest that, since analyzing powers are ratios of polarized cross sections, 
distortion effects on the scattering wave functions effectively cancel, and hence simple plane 
wave models (ignoring nuclear distortion) should be appropriate for studying polarization 
phenomena |4j,|Sj. This claim, however, has never been studied quantitatively, within the 
context of relativistic models and, hence we study this issue by comparing the distorted 
wave results of the analyzing power to corresponding plane wave predictions for zero scat- 
tering potentials. Our choice of a heavy target nucleus, 208 Pb, and a relatively low incident 
energy of 202 MeV, is ideally suited for maximizing the influence of distortion effects, while 
still maintaining the validity of the impulse approximation, and also avoiding complications 
associated with the inclusion of recoil corrections in the relativistic Dirac equation jol liol]. 

In principle, a FR approximation is more sophisticated than a ZR approximation to 
the DWIA. However, in practice, FR predictions are subject to numerical errors due to 
extensive computational procedures (compared to ZR calculations). In this paper, we study 
the sensitivity of the analyzing power to both FR and ZR approximations. The only existing 
study in this regard was done by Ikebata (llj for the knockout of ld3/2 and ld.5/2 protons 
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from 40 Ca at incident energies of 200 MeV and 300 MeV; no definite conclusion could be 
drawn as to which model gives a consistently better description of the data. For the case of a 
nucleus with a larger radius, such as 208 Pb, we expect more pronounced differences between 
ZR and FR predictions. For estimating the influence of nuclear medium modifications of 
he NN interaction on the analyzing power, we adopt the Brown- Rho scaling conjecture 
which attributes nuclear-medium modifications of coupling constants, as well as nucleon- 
and meson-masses, to partial restoration of chiral symmetry. An additional aim of this paper 
is to identify whether the analyzing power is an observable which demonstrates a preference 
for the Schrodinger- or Dirac equation as the underlying dynamical equation. 



II. RELATIVISTIC DISTORTED WAVE IMPULSE APPROXIMATION 



Both ZR and 
in Refs. and 



? R approximations to the relativistic DWIA have been discussed in detail 
l^ . respectively. We briefly describe the main ingredients of these models. 



For notational purposes, we denote an exclusive (p,2p) reaction by A(a,a'b)C, whereby an 
incident proton (a) knocks out a bound proton (6) from a specific orbital in the target 
nucleus (A) resulting in three particles in the final state, namely the recoil residual nucleus 
(C) and two outgoing protons, a' and b, which are detected in coincidence at coplanar 
laboratory scattering angles (on opposite sides of the incident beam), 6 a i and respectively. 
All kinematic quantities are completely determined by specifying the rest masses, rrii, of 
particles, where i = (a, A, a', b, C), the laboratory kinetic energy, T a , of incident particle a, 
the laboratory kinetic energy, T a t, of scattered particle a', the laboratory scattering angles 
9 a > and 9b, and also the binding energy of the proton that is to be knocked out of the target 
nucleus. 

For a FR approximation to the DWIA, the relativistic distorted wave transition matrix 
element is given by 

Inn( \r- r'| )[./> (+, (>'. Ka, »„) <fij Uj if)] , (1) 

where ® denotes the Kronecker product. The four-component scattering wave functions, 
x/j(r,ki, Si), are solutions to the fixed-energy Dirac equation with spherical scalar and time- 
like vector nuclear optical potentials: tp( + \r, k a A, s a ) is the relativistic scattering wave func- 



tion of the incident particle, a, with outgoing boundary conditions [indicated by the super- 
script (+)], where k a A is the momentum of particle a in the (a + A) center-of-mass system, 
and s a is the spin projection of particle a with respect to k a A as the z-quantization axis; 
^(~)(r, kjc, Sj) is the adjoint relativistic scattering wave function for particle j [ j — (a', b)] 
with incoming boundary conditions [indicated by the superscript (— )], where kjc is the mo- 
mentum of particle j in the (j + C) center-of-mass system, and Sj is the spin projection 
of particle j with respect to kjc as the i-quantization axis. The boundstate proton wave 
function, <Pljmj(^)j w hh single-particle quantum numbers L, J, and Mj, is obtained via 
selfconsistent solution to the Dirac-Hartree field equations of quantum hadrodynamics jl^ . 
In addition, we adopt the impulse approximation which assumes that the form of the NN 
scattering matrix in the nuclear medium is the same as that for free NN scattering: the anti- 
symmetrized NN scattering matrix, Inn{ \r — f'\ ), is parameterized in terms of five Lorentz 
invariants (scalar, pseudoscalar, vector, axial- vector, tensor). In principle, the NN t-matrix 
can be obtained via solution of the Bethe-Salpeter equation, where the on-shell NN ampli- 
tudes are matrix elements of this t-matrix. However, the complexity of this approach gives 
limited physical insight into the resulting amplitudes. An alternative approach is to fit the 
amplitudes directly with some phenomenological form, rather than generating the t-matrix 
from a microscopic interaction. Although the microscopic approach is certainly more fun- 
damental, the advantage of phenomenological fits lies in their simple analytical form, which 
allows them to be conveniently incorporated in calculations requiring the NN t-matrix as 
input. The NN t-matrix emp loyed in this paper is based on the relativistic meson-exchange 
model described in Ref. [14j . the so-called relativistic Horowitz-Love- Franey (HLF) model, 
whereby the direct and exchange contributions to the amplitudes are parameterized sepa- 
rately in terms of a number of Yukawa-type meson exchanges in first-order Born approxima- 
tion. The parameters of this interaction, namely the meson masses, meson-nucleon coupling 
constants and the cutoff parameters, have been adjusted to reproduce the free NN elastic 
scattering observables. 

Adopting a much simpler ZR approximation, namely 

Wlf-f'i) = i NN (T%\6^)6(f-r'), (2) 
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the relativistic distorted wave transition matrix element in Eq. (JIJ reduces to 

T L JMj(Sa,S a ',S b ) = J df [ (f, k a , c , S a ') ® ^ (_) (f, £ 6 C, Sft) ] 

W^ b , « [^ (+) (r, C a.) ® 0f JA/j (r ) ] , (3) 

where Tjf b and 9^ represent the effective two-body laboratory kinetic energy and effective 
center-of-mass scattering angles, respectively. 

As already mentioned, a FR approximation to the DWIA is inherently more sophisti- 
cated than a ZR approximation. However, in practice, the numerical evaluation of the 
six-dimensional FR transition matrix elements, given by Eq. is nontrivial and sub- 
ject to numerical uncertainties. On the other hand, for the ZR approximation, the three- 
dimensional integrand given by Eq. (JBJ), ensures numerical stability and rapid convergence 
(and hence faster computational time). Another advantage of the ZR approximation is that 
one can directly employ experimental NN scattering amplitudes, rather than rely on a rela- 
tivistic meson-exchange model, and hence, one is insensitive to uncertainties associated with 
interpolations and/or extrapolations of the limited meson-exchange parameter sets. In this 
paper, we compare FR and ZR predictions of the analyzing power. 

The scalar and vector scattering potentials employed in the relativistic FR-DWIA calcu- 
lations reported in Ref. |l| are microscopic in the sense that they are generated by folding 
the NN t-matrix, based on the HLF model, with the appropriate Lorentz densities via the tp 
approximation. An attractive feature of the tp approximation is selfconsistency, that is, the 
HLF model is used for generating both scattering amplitudes and optical potentials. How- 
ever, for the kinematic region of interest to this paper, we consider it inappropriate to employ 
microscopic tp optical potentials, the reason being that HLF parameter sets only exist at 
135 MeV and 200 MeV, whereas optical potentials for the outgoing protons are required 
at energies ranging between 24 and 170 MeV. Thus, enforcing selfconsistency would involve 
large, and relatively crude, interpolations/extrapolations, leading to inaccurate predictions 
of the analyzing power, as evidenced in Ref. [l|. Furthermore, the validity of the impulse 
approximation, to generate microscopic tp optical potentials at energies lower than 100 MeV, 
is questionable. Hence, in this paper we consider only global Dirac optical potentials, as 
opposed to microscopic tp optical potentials, for obtaining the scattering wavefunctions of 
the Dirac equation. 

For studying medium effects on the NN interaction, we make use of the scaling relations 
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proposed by Brown and Rho 0, and also applied by Krein et al. [l^ to (p,2p) reactions, 
namely 

(4) 
(5) 

where the medium- modified and free meson masses are denoted by m* and m», with i 6 
(a, p, u>), respectively. Meson-nucleon coupling constants, with and without nuclear medium 
modifications, are denoted by g* N and g^, where j G (a, uj), respectively. 
The spin observable of interest, the analyzing power (Ay), is defined as 

_ Tr(ra,Tt) 
v Tr(TTt) ' 1 } 

where a y is the usual Pauli matrix, and the 2x2 matrix, T, is given by 

(jl s a=+2> s o' = +2 rp s a = ~\,S a l=+\ \ 
LJ 1 LJ I 1 I (7) 

™Sa = +2 i s a / = — 2 rp s a = ~ 2 ' S a' =— 2 / ' 

where s a = ±| and s tt / = ±| refer to the spin projections of particles a and a 1 along 
the /c Qj 4 = z and A; a /c = quantization axes, respectively, and the y-axis is defined by 
k a A x k a 'c- The matrix elements, T^ a j Sa ' , are related to the relativistic (p,2p) ZR- and FR- 
DWIA transition matrix elements, T LJMj (s a , s a >, s&), defined by Eqs. (JTJ) and (j3J) respectively, 
via 

T LJ Sa ' = Yl T LJMj(s a ,S a/ ,S b ) . (8) 
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III. RESULTS 

In this section we investigate the sensitivity of the analyzing power - for the knockout 
of protons from the 3si/2, 2d3/2 and 2ds/2 states in 208 Pb, at an incident energy of 202 
MeV, and for coincident coplanar scattering angles (28.0°, —54.6°) - to distorting optical 
potentials, FR versus ZR approximations to the relativistic DWIA, as well as to medium- 
modified coupling constants and meson masses. We also compare our relativistic results 
to nonrelativistic DWIA predictions. Unless otherwise specified, all DWIA predictions are 
based on the energy- dependent global Dirac optical potential parameter set which has been 
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constrained by 208 Pb(2,p) elastic scattering data for incident proton energies between 21 
MeV and 1040 MeV [lfj. 

First, we display the influence of relativistic nuclear distortion effects by comparing rela- 
tivistic ZR-DWIA predictions to corresponding plane wave predictions (with zero scattering 
potentials) for knockout from all three states: in Fig. (|T|). the solid line indicates the rela- 
tivistic distorted wave result and the dotted line represents the relativistic plane wave result. 
We see that the prominent oscillatory structure of the analyzing powers is mostly attributed 
to distortions of the scattering wave functions. This clearly illustrates the importance of 
nuclear distortion on the analyzing power, thus refuting, for the first time, qualitative claims 
that spin observables, being ratios of cross sections, are insensitive to nuclear distortion ef- 
fects. In addition, we have also investigated the sensitivity of the analyzing powers to a 
variety of different global Dirac optical potential parameter sets . Although these results 
are not displayed, we found that the analyzing powers are relatively insensitive to different 
global optical potentials, with differences between parameter sets being smaller than the ex- 
perimental statistical error. For the reaction kinematics of interest, NN amplitudes need to 
be evaluated at T c ^ b m 180 MeV and 8™£ « 60°, but the closest HLF parameter sets exist at 
135 MeV and 200 MeV. To improve the accuracy of our FR predictions, we have generated 
a new HLF parameter set at 180 MeV by fitting to the experimental NN amplitudes jl^j ]. 
We have checked the validity of the HLF parameter set by comparing ZR calculations based 
on the HLF model to corresponding calculations based directly on the experimental ampli- 
tudes: the predicted (p,2p) analyzing powers are identical. Next, we compare relativistic 
FR to relativistic ZR predictions, excluding medium modifications to the NN interaction. 
In Fig. (JTJ), we see that the ZR prediction (solid line) almost perfectly describes the data 
for knockout from the 3si/2 and 2d3/2 states: recall that previous relativistic and nonrela- 
tivistic models fail to reproduce these data [lj. For the 3si/ 2 state, the relativistic FR result 
(dot-dashed line) is consistently shifted above the data. Nevertheless, the relativistic FR 
prediction still provides a qualitative description of the data. For knockout from the 2d 3 / 2 
and 2d5/2 states both relativistic ZR and FR models describe the data reasonably well. 

We also compare our relativistic calculations to nonrelativistic [dashed line in Fig. (flj)] 
DWIA predictions, excluding medium modifications of the NN interaction, recently reported 
in Ref. [l|]: the nonrelativistic Schrodinger-based calculations are based on the computer 
code THREEDEE by Chant and Roos |l2(. With the exception of the 2ds/2, it is clearly 
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FIG. 1: Analyzing powers plotted as a function of the kinetic energy, T a >, for the knockout 
of protons from the 3si/ 2 , 2d 3/ / 2 and 2d 5 / 2 states in 208 Pb, at an incident energy of 202 MeV, 
and for coincident coplanar scattering angles (28.0°, —54.6°). The different line types represent 
the following calculations: relativistic ZR-DWIA (solid line), relativistic plane wave (dotted line), 
nonrelativistic DWIA (dashed line), and relativistic FR-DWIA (dot-dashed line): all calculations 
exclude medium- modified coupling constants and meson masses. The data are from Ref. 

seen that the relativistic ZR (solid line) and FR (dot-dashed line) predictions in Fig. (JTJ) are 
consistently superior compared to the corresponding nonrelativistic calculations. This sug- 
gests that the Dirac equation is the most appropriate dynamical equation for the description 
of analyzing powers. Moreover, these results represent the clearest signatures to date for the 
evidence of relativistic dynamics in polarization phenomena. 

Although the (p, 2p) reaction of interest are mainly surface peaked, radial localization 
(radial contribution of the reaction to DWIA cross section) arguments [1] suggest that s- 
state knockout exhibits a larger contribution from the nuclear interior than the d-states 
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FIG. 2: Analyzing powers plotted as a function of the kinetic energy, T a >, for the knockout 
of protons from the 3sx/2, 2d%/2 an d 2ds/2 states in 208 Pb, at an incident energy of 202 MeV, 
and for coincident coplanar scattering angles (28.0°, —54.6°). The different line types represent 
the following calculations: relativistic ZR-DWIA excluding medium-modified coupling constants 
and meson masses (solid line), relativistic ZR-DWIA with a 10% reduction of the medium- modified 
coupling constants and meson masses (dashed line), and relativistic ZR-DWIA with a 20% reduction 
of the medium- modified coupling constants and meson masses (dotted line). The data are from 
Ref. Q. 



and, hence, s-state knockout is more susceptible to nuclear medium modifications of the NN 
interaction. Thus, the inclusion of nuclear medium effects offers the possibility to improve the 
relativistic FR-DWIA prediction of the 3si/2 analyzing power. We now study the sensitivity 
of the analyzing power to values of £ = x [ see Eqs. (@J) and ©] less than unity for both 
relativistic ZR and relativistic FR approximations, that is, we assume that the effect of the 
nuclear medium is to reduce values of the masses and coupling constants of certain mesons 
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relative to their corresponding free values. Note that, in principle the coupling constants 
and meson masses are independent quantities and, hence there is no fundamental reason to 
se t £ = X- The latter equality is only assumed for simplicity, so as to get a feeling for the 
sensitivity of observables to changes in the relevant coupling constants and meson masses. 
In Fig. (J2J), we display relativistic ZR-DWIA results for £ = x £ (0.9,0.8) corresponding 
to reductions of the meson masses and coupling constants by 10% (dashed line) and 20% 
(dotted line), respectively: results excluding medium modifications are indicated by the solid 
line. The choice of values for £ and x is motivated by the fact that the proton-knockout 
reactions of interest are mainly localized in the nuclear surface and, hence, the nuclear 
medium modifications are expected to play a relatively minor role. The corresponding 
relativistic FR-DWIA predictions are shown in Fig. (J3j). Although not displayed, we have 
already established that values of £ = x < 0.8 fail to reproduce the analyzing powers for 
both ZR and FR approximations. For the FR calculations, we see that a reduction of 
meson masses and coupling constants by between 10% (dashed line) to 20% (dotted line) 
consistently improves the predictions for knockout from all states: the agreement with the 
3si/2 analyzing power is particularly impressive. Similar qualitative behavior was observed 
for the nonrelativistic distorted wave predictions reported in Ref. jl|, where the inclusion of 
empirical density-dependent correction to the analyzing power shifts predictions closer to the 
data. In addition, by analyzing the "effective polarization" , for proton knockout from 16 
and 40 Ca at 200 MeV, within the framework of the nonrelativistic DWIA, Krein et al. 
also reported similar evidence for the modification of meson masses and coupling constants 
by the nuclear medium. On the other hand, relativistic ZR predictions without medium 
effects give a better description of the data: a 20% reduction fails to reproduce the 3si/ 2 
analyzing power. In general, one can conclude that relativistic FR predictions with medium 
effects and relativistic ZR calculations excluding medium effects both give a satisfactory 
description of the data. In order to make more definite statements on the importance of 
nuclear medium effects for (p, 2p) reactions, one needs to measure and interpret complete 
sets of spin observables, as opposed to only the analyzing power: this will be studied in a 
future paper. Also, one needs to consider the knockout of protons from deeper lying states 
in 208 Pb, where the contribution from the nuclear interior is more substantial. 
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FIG. 3: Analyzing powers plotted as a function of the kinetic energy, T a i, for the knockout of 
protons from the 3si/ 2 , 2d 3 / 2 and 2d 5 / 2 states in 208 Pb, at an incident energy of 202 MeV, and for 
coincident coplanar scattering angles (28.0°, —54.6°). The different line types represent the follow- 
ing calculations: relativistic FR-DWIA excluding medium-modified coupling constants and meson 
masses (solid line), relativistic FR-DWIA with a 10% reduction of the medium-modified coupling 
constants and meson masses (dashed line), and relativistic FR-DWIA with a 20% reduction of the 
medium-modified coupling constants and meson masses (dotted line). The data are from Ref. Q|. 

IV. SUMMARY AND CONCLUSIONS 

In this work we have focused on a relativistic distorted wave description for exclusive 
proton knockout from the 3si/2, 2d 3 / 2 and 2ds/ 2 states in 208 Pb, at an incident energy of 
202 MeV, and for coincident coplanar scattering angles (28.0°, —54.6°). Previous relativistic 
and nonrelativistic models fail to describe the analyzing power for 3si/ 2 - and 2d3/ 2 -knockout 
ll|. Exhaustive corrections to the nonrelativistic model fail to resolve the dilemma. On the 
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other hand, this is the first time that such a systematic analyses has now been performed 
within the context of the relativistic DWIA. We have identified two possible reasons for 
the failure of the relativistic FR-DWIA predictions reported in Ref. ]]. First of all, for 
the reaction kinematics of interest, the microscopic optical potentials generated via the tp 
approach were not refined enough. Secondly, the influence of density-dependent corrections 
to the NN interaction was previously not considered, and thus previous relativistic FR- 
DWIA predictions 1] implicitly underestimated an important ingredient of the theoretical 
treatment. 

These shortcomings have been addressed by employing appropriate global Dirac optical 
potentials and also by studying the role of medium-modified meson masses and coupling 
constants, constrained by the Brown-Rho scaling conjecture, for both relativistic ZR- and 
FR-DWIA calculations of the analyzing power. We also compare relativistic predictions to 
the nonrelativistic results quoted in Ref. jlj]. 

In this paper we have demonstrated the superiority of the relativistic Dirac-equation, as 
compared to the nonrelativistic Schrodinger equation, for the description of the exclusive 
(p, 2p) analyzing powers within the context of the DWIA. Both relativistic ZR and FR 
approximations to the DWIA provide an excellent description of the analyzing power data. 
On one hand, the relativistic ZR predictions suggest that the scattering matrix for NN 
scattering in the nuclear medium is adequately represented by the corresponding matrix for 
free NN scattering and, hence it is not necessary to consider nuclear medium modifications to 
the NN interaction. On the other hand, the relativistic FR results suggest that a 10% to 20% 
reduction of meson-coupling constants and meson masses by the nuclear medium is essential 
for providing a consistent description of the 3si/ 2 , 2d 3 / 2 and 2d 5 / 2 analyzing powers. In order 
to extract more conclusive information regarding the influence of the nuclear medium on the 
properties of the strong interaction, it is necessary to study complete sets of polarization 
transfer observables for the exclusive knockout of protons from deeper-lying states in a 
variety of nuclei. 

We have also established that the analyzing power is relatively insensitive to different 
global Dirac optical potential parameter sets. In addition, by comparing relativistic ZR- 
DWIA predictions to corresponding plane wave predictions (zero scattering potentials), we 
have demonstrated the importance of distorting potentials for describing the oscillatory 
behavior of the analyzing powers, thus refuting qualitative arguments that spin observables 
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are insensitive to nuclear distortion effects. 
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